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Neurology (from Greek neuron — nerve, logos — science) — is the sci-
ence about the human nervous system in health and pathology. It studies
anatomy, histology, physiology, and biochemistry of the nervous system as
well as pathological processes of the human body, which cause disorders of
its functions. Neuropathology is a part of neurology, which studies diseases
of the nervous system.

As an independent clinical science neuropathology was dedicated in
1862. The important role in this process was played by the French neurolo-
gist, Professor of the Paris University Jean Martin Charcot, who at that time
created and headed the world’s first clinic in the hospital Salpetrier near
Paris and the Chair of nervous diseases at the University for the patients
with neurological disorders. The development of neuropathology as a sepa-
rate field of medicine in the middle of the 19 century was associated with
significant achievements in neuroanatomy, neurophysiology, and neurohis-
tology.

In 1884 as an independent academic subject “The nervous and mental
diseases” was included into the curriculum of medical faculties of Russian
universities. At the same time the united departments of the nervous and
mental diseases were established; the first of which was in the Moscow Uni-
versity; it was headed by A.Y. Kozhevnikov. He was also the author of the
first Russian textbook on the nervous and mental diseases for students.

The development of the Ukrainian school was connected with the
neurology departments of the nervous and mental diseases at the leading
University hospitals in Kiev, Kharkiv, and Odessa. The first departments
were established in 1884 at the medical faculty of the Kiev and Kharkiv
Universities, where the teaching of neurology was carried out by well-
known scientists, professors I.A. Sikorskiy and P.I. Kovalevskiy. Further in
these departments fruitfully worked such famous scientists as B.N. Mankivskiy,
D.1. Panchenko, N.B. Mankivsky, O.P. Vinnytskiy in the Kyiv University
and S.N. Davidenkov, A.M. Greenstein, G.D. Leshchenko, E.G. Dubenko
in the Kharkiv University. The third Department of the nervous and men-
tal diseases in Ukraine was established at the Novorossiyskiy University in
Odessa in 1905 under the leadership of Professor N.G. Popov. In the same
year he founded the Department of neurology at the medical faculty of the
Lviv University, the leaders of which in different years were Professor
D.I. Panchenko, N.V. Mirtowskiy, and D.I. Proniv.

Over the past 25 years in neurology a huge breakthrough in the diagno-
sis and study of pathogenesis of the nervous diseases was made. Due to
achievements of genetics and neurochemistry, improvement of methods of
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neuro-imaging neurology has evolved into an exact science. All of this requires a high
level of training specialists in different fields — from family physicians to specialists of
the narrow specialization.

This textbook was created as the national for the purpose of optimisation the study
of neurology for the medical students of higher educational institutions of Ukraine of the
level IV of accreditation. The group of authors consists of leading scientists and teachers
of all neurology departments of the Medical Universities of our country.

The textbook has two parts. In the first part there are the main issues of propedeu-
tics of the nervous diseases, anatomical and physiological features of the nervous system,
the symptoms and syndromes of its defeat at various levels, the methodology of the top-
ical diagnosis. A separate chapter is devoted to additional research methods of the ner-
vous system, which are described as the traditional neurology and the new methods of
diagnosis.

The second part presents etiopathogenesis, clinical picture, diagnostics, treatment
and prevention of diseases of the nervous system. This part covers almost all kinds of dis-
eases of the nervous system from the widespread cerebrovascular, demyelinated diseases
and diseases of the peripheral nervous system to the rare forms of the neurological pa-
thology — prionic diseases, dermatomyosites, lesions of the nervous system in the case
of HIV infection, etc. It clearly demonstrates the modern trends in neurology: the cre-
ation of joint scientific and practical directions — cardioneurology, somatoneurology,
vertebral neurology etc. Principles of the treatment of neurological diseases are based on
the system approach and principles of evidence-based medicine.

At the end of each part there are examples of the test tasks and clinical cases for self-
control. Figures, tables and schemes are presented to improve the perception and assim-
ilation of the material. The textbook is written to help the students of higher medical in-
stitutions, doctors-interns, clinical residents, neurologists, and specialists of family med-
icine for learning the basic principles of neurology, and for intensifying fundamental
knowledge for the personal improvement in the field of neurology.




PART 1
GENERAL NEUROLOGY

CHAPTER 1

BASIC PRINCIPLES OF STRUCTURE
AND FUNCTIONING
OF THE NERVOUS SYSTEM

GENERAL PRINCIPLES OF STRUCTURE
OF THE NERVOUS SYSTEM

The main structural, functional, genetic and anatomic unit of the ner-
vous system is the nerves cell or neuron consisting of a body and nervous
processes of two types: dendrites and axons (see the Figure 1.1 on the co-
loured insert).

The main function of neuron is reception, processing of information and
conducting irritation to other cells. The receptor endings of the sensitive
nervous fibers (receptors) perceive the external and internal stimuli and
conduct them in the form of impulses by dendrites (afferent nervous pro-
cesses) to the neuron body.

The axon is a long process, which conducts the nervous impulse away
from the body cell and has the corresponding effector ending. There is only
one axon in the neuron, and its function is to conduct corresponding im-
pulses by synapses from the neuron body to other neurons or working cells
(muscular and glandular).

Bodies of neurons of the central nervous system (CNS) form the gray
matter of the brain, and on periphery they form the cerebrospinal and au-
tonomic nodes. In the CNS the nervous fibers or processes of neurons are
the basis of the white cerebral matter, and they function as the conductors.
In the peripheral part of the nervous system they are the part of roots and
nerves and conduct nervous impulses from the center to periphery (efferent
fibers), and vice versa, from the periphery to center (afferent fibers). The
nervous fiber consists of the axial cylinder (the actual process of the neu-
ron) and the sheath formed by oligodendroglia cells (neurilemma or Sh-
vann’s cells). They distinguish the myelinated nervous fibers (they also con-
tain the myelinated membrane in addition to the axial cylinder, neurilem-
ma, and the basal membrane), these fibers dominate in the somatic nervous
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system; the unmyelinated fibers (they consist of the axial cylinder, neurilemma and bas-
al membrane) form the autonomic (vegetative) nervous system mainly. The rate of con-
ducting impulse in the myelinated fibers is much higher than in the unmyelinated, and
it is about 120 m/s.

In the central and peripheral nervous systems the nervous fibers are closely located
with each other carrying out different functions and providing conduction to many struc-
tures in different directions of the nervous system; that needs isolation of impulses from
each other. This isolation is provided by the myelinated sheaths and neuroglia (a set of
astrocytes, oligodendrocytes and microglical cells).

The function of the neuroglia ensuring the normal functioning of the nervous cells lies
in isolation of the nervous fibers to carry out the mechanical, supporting, differentiating,
trophic, protective and secretory functions, the regulating influence on the ionic struc-
ture and the nervous cells metabolism, the active participation in the higher brain func-
tions and synthesis of mediators of the CNS.

Synapses are the specialized structures providing conduction of the nervous impulse
from one neuron to the other. As a rule, they are formed between axons of one cell and
dendrites of another (see the Figure 1.2 on the coloured insert).

In the structure of the synapse they distinguish the presynaptic and postsynaptic parts
and the synaptic cleft. The presynaptic part is formed by the terminal branch of the axon
transferring impulse of the nervous cell. It is covered with a presynaptic membrane and
contains vesicles filled with mediators (biologically active agents — acetylcholine, nor-
epinephrine). The postsynaptic membrane has a special protein — the mediator recep-
tor. The synapse provides conducting of the nervous impulse only in one way (accord-
ing to the law of the dynamic or physiological polarization of Ramyny Cajal’s nervous
cell). As for the functional features they distinguish two types of synapses: stimulating,
i.e. promoting generation of impulses, and irhibitory, or capable to terminate the action
of signals.

MAIN STAGES OF DEVELOPMENT
OF THE NERVOUS SYSTEM

Functioning of the nervous system depends on the body reactivity, i.e. its ability to
perceive irritation and to react on it by certain, in particular, the motor reaction. The
compound morphological and functional features of the nervous system were created as
a result of a long evolution, during which they were able to mark out schematically the
following stages of development:

— The stage of the diffuse, reticular or asynaptic nervous system,;

— The stage of the nodular or ganglionic nervous system;

— The stage of the tubular nervous system.

For the first time the nervous system appeared in Aydroid polyps in the form of a net-
work of epithelial cells and was called asynaptic, as it could conduct stimuli diffusively
in all directions, without synapses (the reticular or diffuse nervous system) and provided
the global reflex reactions. The nervous system of worms was created on the ganglionic
type: symmetric, with two chains of ganglia (nodes) consisting of the nervous nodes cells
and fibers. This system is synaptic; it is characterized by the ability to conduct stimuli
only in one direction; it provides the differentiated adaptive reactions. The presence of
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the pharyngeal node in worms indicates the origin of a primitive brain. In mollusks the
nervous system is formed by the ganglionic type (as a network of the nervous fibers, which
begin with the paired nodes). The tubular nervous system for the first time appears in ver-
tebrates; it develops from the ectoderma; it is constructed by the segmentary type and
equipped with the skeletal motor apparatus. So, fishes have already the spinal cord and
the brain stem. The corpus striatum of birds reaches larger sizes; it is a substrate of the
higher brain functions. In mammals the cortex was formed; in the Auman beings it reach-
es the highest development as the principal organ of thinking, speech and complex ac-
tivity.

During ontogenesis the nervous system repeats all stages of phylogenesis. At first the
cerebral (medullary) lamina is formed from the external ectodermal layer. Its edges are
connected together forming the neural tube; the spinal cord is formed from its posterior
part, and from its anterior part the brain is formed. Because of irregular growth of the an-
terior parts of the cerebral tube, the brain vesicles are formed; and respectively the ante-
rior (prosencephalon), middle (mesencephalon) and posterior or rhomboidal (rhombenceph-
alon) brain is formed as a result. This stage was called the stage of ‘three vesicles’.

With time the terminal brain (telencephalon) was formed from the anterior part of the
brain; it consist of the cerebral hemispheres, basal ganglia and intermediate brain (dien-
cephalon). Intermediate brain was formed by the following structures: thalamus, epithal-
amus, hypothalamus, metathalamus, optical path ways and nerves, and retina. This stage
was called the stage of ‘five’. The vesicles tectum and cerebral peduncles are formed
from mesencephalon. From the posterior part the pons, cerebellum and medulla oblon-
gata are formed.

From the posterior part of the spinal cord, forms and from neural the cavity of this
tube the central channel of the spinal cord begins.

In the telencephalon there are the lateral ventricles; in the diencephalon there is the
third ventricle of the brain; in the midbrain the aqueduct of mesencephalon is situated; it
connects the third and fourth ventricles. The fourth ventricle is localized in metencephalon.

Formation of extremities in the course of evolution led to emergence of enlargements
in the spinal cord: cervical — for the upper extremities (formed by the C,—T, segments)
and lumbar — for lower extremities (formed by L,—S, segments).

Thus, during evolution the nervous system passes some stages, which are important
for its morphological and functional development. They distinguish such morphological
stages as:

— Centralization of the nervous system;

— Kefalization (from Greek kephale — the head);

— Corticalization (in chordates);

— Emergence of symmetric hemispheres (in the highest vertebrata).

GENERAL PRINCIPLES OF FUNCTIONING
OF THE NERVOUS SYSTEM

During evolution there was a gradual centralization of the nervous system, which
consisted in formation in the brain the centers subordinating the below-located struc-
tures to them. As a result the vital centers of the automatic regulation of different func-

tions were created in the brain stem.
Q30






